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(54) THIN-HLM HEAD AND fTS PRODUCTION 

(57) Abetrect 

PROBLEM TO BE SOLVED: To provide a tNn-fllm 
ma^MAic heed havinQ hiQh adhesivo strength to 
constitut i o n al nuterials and OMoelent durabiity by 
hawing a pratBdivB film, whKsh la conatitutiad to 
contah at leaet SI. C and H roopoctlvo(y at laUoe of 
■pecific rangaa, on at laaat the eurlaca lacing a 
reooixling modlufn. 

SOLUTION: Thia Ihin-fim m a gnati G heed ia an MR 
Induction type combined heed having an MR head part for 
f i^^icxiuc M Tg and a nduction "type head part for 
recording. This Induction type head part for recording 
compriaea an upper magnetic pole layer 3, a jower 
magnetic pole layer 5 arKi a gap 4 and a od 12 held by 
Ihese laywa. The MR head ^rt oonipnsea an upper 
ehlelding layer 7, a lower ehleklng layer 9 and an MR 
element S The protadivB fihn 1 la farmed on the 
eurftee of euch thin-film magnetic head, which surface 
fauaa the magnebo recording medium. The protedive film 
1 ie Improved In the adheelve strength and duraUlty by 
i n corpor a ting the Si, C and H raapactively at 3 ta 8 
at% SI. 61 to 81 al%Cand16tD30at%H1herelri. 
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(54) [989a0!}«lili] j«R^y H&-«-(Ofltt;»ic 



C57) CIU^J] 

tl. Si*3~9 at56. C46 1~8 1at5«. H* 1 

6 ~ 3 0 ats<. fsmti>mm^ » k 4 1 yt. 




m^mu. c©«gie«j. s i . c*iJ:VH***i-e 

tl. S i 3~9 at%. 

C%. 6 1—8 lal56. 

H*. 16-3 Oat%. ^^■f^miM'^'J K, 

F»<tMR*T2B<!:4r*-r*ai*«l *fc«2<0WBI'^ 

•y K. 

Si, C*jJ:DtH*-€-n^n. Si*. 3~9 
C*. 8 1~8 lat%. 

H*. 16~30al56. SW^S^SS*. ii»a:<i*> 

;:^«:j:orEnttisn.sii»^^4<D«i«-^5' F<o«jg^r 

[19*316] fIE»«)R%^^X-5'CVD;ffiJCJ:0JI? 
[ft 7 ] MS^aK* * >fk^ffi{c J: 0 )Kfi5E 

if*«4 */cB 5 (omm^ V }F(osm:m. 

mm. misimm. 9:mii^mm^mrisii^4-^8<D 

[000 1 ] 
[0 00 2] 

[ 0 0 0 3 ] MR-^ Fli. «tt«*4*fflC»/cS*B!l»3 



(2) 4$H¥1 0-2 8 9 4 1 9 

2 

fcj&K. ii^. msmummsi (mrhd %-*t©sa^ 

t^-Jl/ Fartttf«fiS (i^-Jl'FSIMR'v.-y F) iSti 
■5. C©1»^. MR'Vi» F«fl*feffl'^>-^ F-C*4/c*. 

^%tT^:fc««>©SI3iai'^.5. F»«rMR^5' FSP 
t-ft^bL/tMRISSIMffl^'^-;' F3!>im»6>nt:(,»-5. 
10 [0004]iC^-C. iSK'v F«fflS. iBmtm± 
«c2Si©'<r'J>i'fPfflri*±$-«f. CSS (Cbntact 

Start Stop) y;^immri>h<Diii^<. mmmnr^ 

mS^'f^:^f±X.. iiSO. 2-2. 0 um iga©f»ii> 

^csss«{cfBAs/ca&®a®5feK. mf^mtifimm 

m«1$ra^4 - 2 7 6 3 6 7#<2^$g«Cie483n-C 
c»^)J:5{c. iS^'N^ F;^^'f i'©b-;i'±{c«affigl 
^WL»i>t^^r>tc^mimhti-C\.^Z>, l/A^L.. MSGS 
20 aK)B«/132 5 0:*->e/;^Fa-AJWT©->';n>35» 

<!WI)R&<!;©fllJg»tcC©J: ^> ft W 3>ftil«Kl^fc 

js^. siBi'^-:' F<t»gK^a«t©!E«i4ftc»Lsai±Ai 

^+»r*s/c4{>. iij»*s^i;/c»3. W»«t4A«+^«: 
[000 5] He^tt=&3St«-r5fc«f>©figgiHi ur. 

TiN. TiCN. i<'-<i'*> Ft«*-Ji<>»H (D L 
30 C) I?3&ifti6n-Ct,»«. cn6%Wi!fiBE^R'^.5r 
F {c fi^ L r t iii;Xt4©*.-c^H-*r * . 

[0 006] m^umy^mz 5719 5 7#^i« 

m» fcmmm^mm^ y f {caw u r t . iifxt4©,#.-c 
^^'ii^+^-c**. */c. »gifii)«4i9;wsxg©fi6v-{ 

;^F{fc. mmt. imm^<Di^:KK.nth^Wfiitt'i 

[0007] 

[«i»*i»aio<fc^><fr«fi!a] *ifei!H©aww. mm 
-^y Y(omwmnviie^ri>-^mtiimi<. WiM^tcffn 

Fi-?-©«ji:&&«a«-r-5ci-c*s. 
[0008] *ytffe©aw«. 3 6<c*»Bi<fc*!pr«i 



3 

[0 0 0 9] 

mmi:mi^-ritcib<D^m c<o^ '>tj:m(f}it. tie 

(1 ) ~ ( 1 0) ©U-rtidxOfllfiRKJzOai^Stl-S. 

( 1 ) ii>Aj: < i lasi^f* t oKtm^mKmsmim 
c©«aw*i. Si. c*jj:c)fH*-e-ti-en. si 

3~9 at%> C*. 6 1~8 1at5«. H*. 1 
6 ~ 3 0 at%. SWT -Sfta-^ v H. 

(2) ms!M\^»mK:, mtfumt. mtmmm*s 

<3) mmm^y Faj«wr«*». si«®-^5» KWi 
MRmif-mtimriJM ( i ) ( 2 ) ©ssw^ 

(4) WBi-^-^r K{cfi©>'<>rr>^«EE*En»no. s 
i. c*jj:cxH*-en-en, si*. 3-9 at5^. 

C*. 6 1~8 lat%. H*. 1 6~3 0at56. 

(5) l^rla.'^•-^r;^«E^3:. aj»nL-)fcDc««*/c« 
o-ceninsnsjiffi (4) <Dmm^v h-onm^m. 
±se (4) (5) Kossii:^, 

(8) mmmsi^:^^-<y^micj:K>mmti,±^ 

(4) *fcB (5) F<D»j&:)?a. 

(9) m^sM^iiimmiiti. mit^mm, mit^tmmi, 
mmmm, mm^mm=&^-ri>±^ (4) - (8) © 

(10) mm^^y h-^^mrzip. wmm^y Ksui 

MRlR^gPi *WrS±iB (4) ~ (9) ©(,»T*a*© 

aM^-v F©«jfi:&a. 

[0010] 

)»*[filM. ^J&to%»±B*/c»®«rr«ffi{c§f5£©«JSl 

j:b©s i + c + H*^«rsagafli*0^-rs, c©» 
mmimmms(.^y KJ£:Dc/wr;^a£E. *s(,»«h2 

[0011] c<Di:'>(icuxmf&stifcmmmu. t i 

N. T i CN*ffll,»;fct>©{CH:'^W^tt. iWS^ttKtf 
n. W»« (DLC) . *.5l>«C 

nfc-'<^>:7 7•a?&y^•l//c^>©«:ifc®LrTi^5:^. 
•=70-/. •b>5^XF*|:©«|«'N-, KtifiRam«c*f-re« 

«aiH:^«:©J**3&«»<«cO. 
^$©|6l±*ia.6Ci*i-Clr. «aSI©3 6J?C.S»BI 
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[0012] 

©:a:{*w«fiE(coi,>-ci*iffl{c3iw-rs. 
[0013] *ife?g©«K'Sf K«. ii>:^c< ti>umm 

Si, CfeJcCXH^r-en-en. SiSr. 3~9 at 
%. C«. 6 1~8 1at%. H*. 16-'3 0at%. # 
if*L<ttSi*. 3-8 at»«. C 
6 8~8 1at5^. H*. 16-2 4 at%, -C*-5„ 
10 C©^%. i$K:W*U<«. Si*. 3~8 at%. 
C*. 7 0~7 9at?«. H*. 18-2 2at5«. "C* 

[0 0 14] S i*S3at%*S8-C*Si. igi|t:;3*5IS < 
«:•). WA143»JffiEiT-r«. S i J!>J9at5fi*jBil.-5i. R 

oat^ifflASi. m(om&ifi:^s.L. wxtt*»ffiT-r 

20 [0015] «Saa©ifflfiSB. «SBBl*^tc*^W4JS3:^^ 
[Sl©li-r<i©g|5:9--C*,lBl— . */£:{i±iBeHrt©iH^-C 

c i L < . «aBi©±is (mm^ y k <ts*t 

CI©®) 3{p6ii>«:< l>3©gp»i. 2/3© 

[0 0 16]^©f6. ±gaifiS:S-©ffeS. B. P^©7C 
IR©iJ>^j:< <!:fcl«*^©3wt9<«T. S^tcO* 
lat5««T#Wl/-Cl<>rfeMl^ *fc. C©J:^«:«gi 
)R«r*;l/7 r X^SSfC* 0 . -e©«W« l ~ 5 O nm. 
30 ItCC 2 - 2 0 rmimii LC><. M/VA* 1 nfl^iS©JS-^(C» 
*^?§©SS**ifi<i&»5. )R»3&J5 0nm4jBA.5iie^ 
««:<!:©¥i'5':?'*5iettlO. 1$14*«5i5{bL/r < 5. a 
•S. C©filara©^:^^*-:^«3«Hv=8 0 0~4 0 
OOSS. KS6 3 2. 8nm-r©ll«r*»l. 5- 
2. 8gSt?*S. 

[0017] *^©w«'v.^ FKoorattPT 

[ 0 0 1 8 ] a 1 «. *l6l!q©PIBI^ y F©fllfiSW4^ 

40 :*^?g©«aHai i. «aija2. ±a5!a®H3. ^*y 

7*4. TSBfiflSaS. i^S6. ±SIJi'--»UKa7. M 
R3R^8. r»iy-}l'h-9. TttWlO. 1. a 

[0019] m7jk9i<Dmm^y Yim^<OMR-^y K 

mmmm^^y h-c^if)^, ccr. iaekffl©si»M-^ 

mttiti'¥^y^4t=i^}ll2iC^*)mf3L^tii. M 

h'mt±sxti^-)i F«7 iras^'-;!' f«9 . *$ 

50 J:UfCtl^(,cmittlfctmmi 3tMR»^8K:jzt)« 
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c 0 0 2 0 ] -e L-r . iise^a 2 »t^u 5 :»-^cDi^aa 

[0 0 2 1 ] MR3R^-«:«. /^•-•7D-Y^N i - Co^ 

■^(DAJL^^mm (N i F e/C u/N i F e/F 
eMn. Co/Cu/Co/F eMn^) . S?SiI8ttA 
X«T^tJiH (N i F e/Ag. Co/Ag^) 

[00 2 2] MR^TKSiKSti^)'; -K«C«. Ta-?> 

l>. l&ltJie. 1 3(C{*. A 1 , O, , S i O, m<D^ 

[0 02 3] ^or. cti h<Dmmmi)imm^titcmm 

*fe©-CB«tl>. 

[0024] sai5©^)^*>i|#{cfBSd nr< ffl*^t>3 

1»3&J. i'-^l'FJlT. 9»/*$l~5//«. MS 

0~2 0 0 Mm . MR3RT- <?Ktlfi!SaS^BI) 8Bi|t3 
5~60nm. Oym. i'--'UFJB7. 9 iMR 

3R^8i©8EHI«0. 0 3-1. 0 urn . Wmm^y V 
SP©fiB[S)a3. 5{iff3 1 ~5 Mm , iHO. 5~10m 
m . h U- "J >i^ffliJ©i'--iU F«7 iS^ai'v-;. FSB© 
T»fiMi5i©ffilSlttO. 2~5MmT*4, 
[002 5] :*:^?S©«^-^f FK:*5l>r. MRfUl-CD 



(4) «pM¥1 0-2 894 1 9 
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[0026] :^^(DmSi.-^-j F«. 

^^'t->.i'S. x^«si?©mffitsiis^. 

n^^^i^iy 3 >ft fee J: 0 ff iEc ^ C i # 4, 
[0027] *^©»R'v.-^ F«. ±imnim<cmfb 

rmommamm'^ v fk tara^tB-c* ») . wit«T 
araa«i±®i/-;i'Fi**ai©4>oiLyi:»). mrjr 

T-«rffll»%C>iS^'Sf F©*©«lS-Ct><t:l,> (J&ITM 
10 RSR^^*ffll»ft:fc©*MRI»BI•-^^» Fi. it3l^->s, F 
©»©«>©«i!^SI^7 F 9 . 4$(C 

><-vp^. -fe^i^x F*fc«Sfbift©lfitUi4W-r 
[0028] :*^©S8a--> 5» F». r-i.3|©tie3fc5lf 

»i©r -fe > ^ y - 1 ffl*^toi±r fleffl 3 ti 6 . 
[0 029] yicK. aiBi-^ ^ F©»jt:^*itt^-r 
*I6?8-C». «Sil*:?"^X-7CVD;a{CJ:0Jf5fiEr4 

!|tKiF4 -4 1 6 7 2^«Cge*83*iri»^.. 
CVDii{c*jl:f4:7'-7X-7«, asiE, 3XS£©t»-rti-Cab 

tt3 nrt^s E c R r^^x-r fc^fflpjue-c**. 

[ 0 0 3 0 ] ^-^X-^C VD^i U-C-'<-f 

rXEnJ)D7'^XvCVDft«rfl3l^SC<fc*iSf*Hr». ^< 

'fr;^Eninj^7XTCvDffi-c«. giJBi-^-;' F^c^l©^^* 
30 -frx«)E4En)iicrr*. ^(o-nwxL-^^^x.vi.. m^uA 

M.Nakayama et a1, Journal of the Ceramic Society o 
f Dapai Int. Edition Vol 98 607-609 (1990) ^{Ci¥ 

iffl{c8a«sn-ci>-s. rx«E*eiBin*r«: 

xv«ag*jiH©sfli«cSEii6-r s i T-^x-^diife^-j- 

f*<tb-rii«ttr*4o ^^x-7«agoD^jKSJt 
tfizt—f=^:irm (AF) . IS^K <RF) . v^i^niS 
(MW) {C/iSi. 'f*><!:«^©«tttSfC^*i;* 

cn4:-feJU7yWrx«II<!:(,>^. ± 
IB©^WTX«E«. »*0<»-10'" — 2 0 00V 
-C«)f). ^•3*f*l.'<«-5 0-- 1 00 0VT*S. 
[0 03 1 ] «aW4r^7X-rCVDft{Cj:D0*S-r^ 
MI4^x«:». T8e©i'ii/-:/K:)||-r*<b^* 
^nctt>iieftO(.\ rrj:t>i;>. Si. c*jJ:c?h 

50 j<^)l'i>s.^)Viy'y>, 
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h Vy :t,^Jliy'yy. i>M'^)\/i>V hU 

[003 2] C<^. C + H«<5:0r. CH* . C, H 

4 , C, H. . C, H, . C. H.^oe^lt**. S i 
H-HiS<bLr. S i H. HSil/T. H, 9. 

0. STorr, aA«:^ltt, a« 1 0 W-S KWgK*5«F 

[0 0 3 4] *«q8r«*fc. ^fXk^ft 

;t«1$HBS58-l 7 45 0 7#. 1#raBg5 9-174 

5 0 8-^^«iSfccfBtS5nrc>^o ftfdL. ctiefciB 
^ymmum^mi>r:i>m^\ 20 

[0 03 5] CCD»^CDSaiCD!??^Ol^W<hL/'C«. ««| 

itii. urarasQ- 1 74 5 0 7-^&ciBi£$nfc>f:t> 

[003 6] -<:t>fb^«?StC*JliT». SC^SSrt* 
1 0-*Torr#iS*r<DiSKSir-So CCDit^S^§F»5tC 

So */c. 7-f^^>h. *^«ffi*B(OH^r>f *>fb 30 

-60 CO, Vd. Va*5j:0':3>r;KDSttl?*iSS*r'2>C 
Vd=10^500V. Va = - 1 0-^-5 OOV 

ms[i^0^Li>o miztmmmm^y Kccm-s^^vr 

»«U<»- 1 0 2000Vr*»). J:9»3Sb< 

»- 5 0 1 0 0 0 VC^-So 

[003 7] »aBI^>f^>{baK»;S{cj: J? jgiSt-Si* 

M^mrtiu^{.\ nv^KMt. mno, 01-0. 5 

Torr«fi*s»*Lt*o 

[0 0 3 8] *^Wr«*/c. ffaa0l*:^>^>' ^mcj: 

^Bmr^ctmfitLi.>o -r^*?*. at. kf^cd so 
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mbm. S i H4«©:e/^^SJ£tt:^;^iUr«A^ 
-Si^fcJC. C. Si. S i C^^r^-y-^ h^L/cO. 

c. Si. s i c(DS^^*dr-yc^ h<bu/co. m 
ci«>Difigr*^»p c<D8S^j:3i-y-y h^^c^riRSffi 

wi4Entti-i±'rcc42>rt/7>'wr;^^f»jfflLt:fej:c^o ± 
iB(D^^>fr;^«ff». W*o<«-io — 2 0 00V 
cfcO»*i/<«-50 — looovr^So 
iSJaa[:^^^••:'^a*«. aiS5ow-2kwga:'c* 

So «lf^ff:tr«. iimiO-'-l 0-*Torr^W*H.^o 
[003 9] 

^^^tci^jfflccs&^-rSo 

[0 04 0] (gefeg\ll) :/^X-yCVD^ 

( 1 ) Si. C*5j:0-H^Smb^Oim*4;yxiU 

r. Si (CH,)4<^:> cH,<b^. -5-n^nife«3scc 

Mi. 2 0S(XM5cr«Al//Co :/^Xv^ffl<D3ti«i<!: 
LrRF 5 0 OW^fln^. Wii^KtJO. OSTorrr. H 
^jg|-s..v F<0^?fffi*/c«fi«l-rSM^c. ^jVy/<^ 
rX-4 0 0 VJCT7 0:t>^;^ hn-ARRBIb/Co 
[0 04 1 ] (2) S i . CfcJrDfH^^trfb^O 
im:^^:^^^^. Si (CH3) 4<t. CH4<i:?S:^n^ 
nSfcJISSOCMi. 2 5SOMCXmXVfCo ^^X^^^ 

m(D^Mt vxRF 5 oow^m^. »f^aE;^o. 05 

•fe;U:7^N'>fr;^-4 0 0V5C-C 7 0:t>y:J^ hP-A0E 
«L/Co 

[0042] (3) S i . C*5<fcC>-H*^tf{b^<D 

J»|£^:^/:^^:Lr. siH4<fc, c,H4i*. -en-etiss 

aiOSCCMi. 4 0sca*cT^AU/c:o :?'^Xv^ffi 
CD3iiS<bl/rRF5 0 0W^Jll^. «|fP)E:^;0. 05To 
rrr. 9l»»ffl!^--. F(03fetfiB*/c»Jitt-rSIB«C. -b 
Jl/7^^*^r^-4 0 0V(C'C7 0:f>i^X hn-A^gt 

[0043] (4) S i. C*JJ:0'H*^tf{b^O 
M*4:y:^iOr. Si (CH,).^. CzH.t^^ti.^ 
n»«8SCCMi. 2 OSCCMJcraiAL/Co :/^Xv^^ 
fl|O3?i«<!:LrRF5 0 0W*Sn^. ttfPff^O. 0 5 
Torrr. MRSBt-v::; KCD*tfB*/t{i}i«6-rSffltC. 
•b;b:7^NVTX-4 0 0 veer 7 0:f >d^;^ ha-AJiS 
Bib /Co 

[0 044] (5) S i . C*5j:0'H^^tf{b^O 

MI4^;^<i:Lrsi (CH,)4i, CH*^*. 



(6) 



tlijfeai OSCCMi. 3 Osco*cr2SAL/Co 5| 
^<DS[i36iLrRF5 0 0W«:m. iftfPHE^O. 0 

[0 04 5] (6) S i . C*J<fcC;H*^t^{b^CD 
m^^^tOrv Si (CH,)4<i:. C,H4<i:^^n^ 
n«*8SCCMt. 2 OSCCMOCraHAOyto 
ffl<DS!Sfe<i:OrRF 5 0 0W«:Jjn;l. «6f^jE;tjO. 0 5 

TorrT. MRmm^y I'omiym^Mtmnr^mdc^ lo 
•feji/r;^<-f rx-4 0 ovccr? o*>^x ha-Ajig 

[0 04 6] (7) l:t®fi«l<*:Lr. Si. C*J<J:0'H 
i^t^it^(Om^if:^tLX. Si (CH, C 
H^i*. ^n^tlSS«2scCM<i:. 3 0SCCM^r*AL/ 
/Co :7*^Xv^^OS[iftiUrRF 5 0 0W«rJ)P;l. 
ttfPEf? 0 . 0 BTorrr. SS3I»B!-^ KO^tf ffl* /c 
^naS'T'SffitC. -bJl/:7^>VT:5^-4 0 0VCcr7 0:f 

[0 04 7] (8) tmmtLX. Si. C*5<i:0fH 20 
^^mb^ia(DMI4:^X<fcLr. Si (CH,).*!:. C 

H4<*:^^n^tiiS«i 5sccM<!:. 1 0 sccmk:t:*au 

/Co :/^Xv^*ffi(D3i{a<hL/rRF 5 0 OW^flP^. 
Ibf^E^ 0.05 Torrr. MRfBB!'^ v K©*ff ffi* /c 

>:J/X Fa-A^L/Co 

[0 04 8] (9) tbKWiLr. Si. cis^au 
*^tf<b^JB5CDJ!lt4:^X<bUT. Si (CH3)4i. C 
H,6^^tl^nmM3 0SCQAt. 2sco*cr»AL 
/c. -r^^X-^^^^OiSSftiLTRF 1 2 0 OW^SP 30 

i6f^ll;^0. OSTorr-r. MR»BI-^7 KCD^^fS 
i/cUJittT'Sa^. ^2;^r7y^'>fTX- 1 0 0 0 VCCT 
7 0 F 13- AfiBHL/Co 

[0 04 9 ] (10) tb^Pllib . S i . c^^a 
H^^t^it^(Omn:^:^tUX. SiH^i. C,H4 * 



10-2 894 19 
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t^. -en-enijfe«i osccMi. i osoMcxmxL 

fto :/^Xv^^CDS[«iLrRF 1 0 0 W^m. 
Hrf^lE* 0 . 1 Torr-C. MRftBt-^ y K(D^tfffi*/c« 

;^hP-AJ5HSl//to 

[0 05 0 1 ( 1 1) immtux. S i. c*jj:c;^ 

H^#t?{b^CDM|Sf;V;:^<tL/T. SiH^i. CH,t 

**i^ti««5sccMi. 1 osxMK:r3IAL//Co 

^Xv^*fl303J«S<J: L/TRF 1 0 0 OW^m. ttfP 
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